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Japanese Published Examined Patent Application (B) No. 48-023405, Issued July 
13, 1973; Application Filing No. 44-85862, filed October 27, 1969; Inventor(s): 
Hiroshi Akamatsu et al.; Assignee: Nissan Chemical Corporation; Japanese 
Title: Low-Level Polymerization Method for Propylene 

LOW-LEVEL POLYMERIZATION METHOD FOR PROPYLENE 

BRIEF DESCRIPTION OF DRAWINGS 

The figure shows a graph indicating the relationship between a time and a 
conversion rate due to the presence/absence of a solvent. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention pertains to an improvement to a method to 
manufacture an dimer - tetramer olefin primarily composed of nonene, by low- 
level polymerization of propylene using a catalyst of boron fluoride complex, and 
the method of the invention is characterized in that this action uses part of low- 
level polymerization of paraffin or propylene as a solvent. 

The inventors of the present invention has success in producing hexane, 
nonene, and dodecene with high yield by using a catalyst of boron trifluoride 
complex having fatty alcohol, ether, or acid, or having two of them as a ligand, in 
the process of low-level polymerization of propylene. 

The objective of the present invention is that, as a solvent, paraffin with 
carbon atoms 3-15 or polymer composed of tetramer or higher polymer contained 
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in the propylene low-level polymerization product is used at a time of said low- 
level polymerization to accelerate the reaction, while improve the yield of dimer- 
tetramer, and improving the ratio of trimer, which is a primary product, by 
changing the distribution of dimer - tetramer. 

In the reaction wherein boron tetrafluoride complex is used as a catalyst in 
the absence of a solvent, the yield and distribution of dimmer-tetramer is nearly 
controlled by the conversion rate in the reaction, so there is not much difference 
even if the reaction temperature, reaction pressure, reaction time, and catalyst 
amount are changed. In the method of the present invention, however, if tetramer 
in the product from paraffin with carbon atoms 3 - 15 or low-level propylene 
polymerization product is used as a solvent, the yield of dimer-tetramer is higher 
than in the absence of solvent at any conversion rate, and better product 
distribution than trimer, which is a primary product, can be produced. With other 
parameters being equal, the time it takes to reach the same conversion rate is 
shorter than in the absence of solvent. 

The aforementioned effect is resulted from the increased solubility of 
propylene catalyst by the solvent. More specifically, if a reaction chamber having 
a capacity appropriate for the material propylene without using a solvent in the 
low-level propylene polymerization using a boron trifluoride complex as a catalyst, 
propylene present in gas phase can be disregarded, and the reaction group can be 
perceived as a non-uniform group composed of propylene and its polymer in liquid 



phase A and catalyst in liquid phase B, and the catalyst has significant solubility in 
A phase. The reaction takes place in A phase by the function of the catalyst 
dissolved in A phase and takes place in B phase by propylene dissolved in B phase. 
The reaction in B phase is more advantageous than the reaction in A phase in 
producing high polymers. On the other hand, in case when the aforementioned 
solvent is added, the solvent forms uniform phase A' by propylene and its polymer, 
but the solubility of the catalyst in A' phase is higher than in A phase, so the 
catalyst that effectively contributes to the reaction is increased while significantly 
decreasing B phase. Depending upon the reaction conditions, this B phase can be 
eliminated and production of high polymer is reduced. 

The method of the present invention is explained more specifically below. 
As the solvent, are used paraffin with carbons 3-15 and one or admixture of two , 
types of tetramer or higher polymers in the propylene low-level polymer. It does 
not matter whether the paraffin has a branch or not. The amount of the solvent in 
the reaction group is generally an equivalent amount to or lesser amount than the 
material propylene. 

The effect of this solvent is noticeable when any of the following is used as 
a boron trifluoride complex. More specifically, the catalyst is a boron trifluoride 
complex expressed byj RQHjj RPR' and^COOH (R and R' indicate same or 
different alkyl groups having carbons l^TTand having, as its ligand, fatty 
alcohol, ether, or acid, or two types selected out of them. The used amount of 
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boron trifluoride complex as the catalyst is generally J5 weight % o r less relative 
to the material propylene. An increase in the catalyst amount increases the 
reaction speed but does no tjiffect the product distribution . The reaction 
temperature can be selected from the range of a normal temperature to 200°C b ut a 
preferable result is produced at a temperature in the range of 70 - 100. As to the 
reaction pressure, steam pressure determined by the reaction group component can 
be used. For the reaction, a batch process using an agitation tub reactor, or 
continuous type using an agitation type or tubular type reactor can be used. 
The embodiment example of the present invention is explained. 
(Embodiment Example 1) 



Propylene 50g and BR 3 2CH 3 OH(7.3 gYBF3 7.5% in conversion relative to 
propylene) are put in a 200 ml stainless steel agitation type autoclave, and the 
reaction by batch method was conducted at 90°C. Moreover, in the same reactor, 
propane or n-dodecane 30 g was added for reaction. The relationship between the 
reaction time and conversion rate is shown in Table in the figure. The time it took 
to reach the conversion rate 60% was 90 minutes in the absence of the solvent, 54 
minutes in the presence of propane, and 60 minutes in the presence of n-dodecane. 
The product distribution at conversion rate 60% was shown in the table below. 
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Solvent 


Product distribution (weight%) 


Dimer 


Trimer 


Tetramer 


Others 


None 


5.2 


56.2 


29.5 


9.1 


Propane 


7.1 


62.7 


25.2 


5.0 


n-dodecane 


6.4 


61.0 


27.2 


5.4 



(Embodiment Example 2) 

The same autoclave as that in Embodiment Example 1 was used, and 
propylene 50 g was polymerized in the presence of BF 3 l/2CH 3 OH (C 2 H 5 ) 2 0 8.6 g 
(BF 3 7.5% in conversion relative to propylene) and n-hexane 30 g at 80°C for 100 
minutes. As a result, the conversion rate was 55. 1%, the s electivities o f dimmer, 
trimer , tetramer, and other polymer were 7.2, 63.5, 24.5, and 4.8 weight%, 
respectively. When the reaction was conducted in the absence of solvent, the time 
it took to reach the same conversion rate was 170 minutes. The selectivities of 
dimer, trimer, tetramer, and other polymer were 6.5, 54.6, 32.8, and 6.1 weight%, 
respectively. 

(Embodiment Example 3) 

The same autoclave as that in the Embodiment Example 1 was used. 
Likewise, propylene 50 g was polymerized in the presence of BFs ^Hs^O 7.8 g 
(BF 3 7.5% in conversion relative to propylene) and propylene pentamer hydrate 30 
g at 80°C for 100 minutes. As a result, the conversion rate was 43.4%, and the 
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selectivities of dimer, trimer, tetramer, and other polymer were 6.8, 65.0 ? 25.1 and 
3.1 weight%, respectively. As a result of the same reaction in the absence of the 
solvent, the time it took to reach the same conversion rate was 140 minutes, and, at 
this time, the selectivities of the dimer, trimer, tetramer, and other polymer were 
3.0, 60.8, 28.5, and 7.7 weight%, respectively. 
(Embodiment Example 4) 

The same autoclave as that in the Embodiment Example 1 was used. 
Likewise, propylene 50 g was polymerized in the presence of BF 3 2CH 3 OH 7.3 g 
(BF 3 7.5% in conversion relative to propylene) and admixture of propylene 
polymers higher than tetramer 30 g (the ratios of tetramer, pentamer, hexamer, 
heptamer, and octamer including tetramer - octamer were 39.5, 39.4, 13.2, 5.5, 
and 2.3 weight%, respectively) at 80°C for 240 minutes. As a result, the 
conversion rate was 63.0%, and the collectivities of dimmer, trimer, tetramer, and 
other polymer were 9.9, 60.8, 25.3 and 4.0 weight%, respectively. As a result of 
the same reaction in the absence of the solvent, the time it took to reach the same 
conversion rate was 290 minutes. And the selectivities of the dimer, trimer, 
tetramer, and other polymer were 4.1, 56.8, 30.1, and 9.1, weight%, respectively. 
(Embodiment Example 5) 

The reaction was conducted by using a 1 1 stainless steel agitation type 
autoclave. 44 weight% of boron trifluoride was used as the catalyst, and the 
remaining portion had the composition of methyl isopropyl ether and methanol at 



weight ratio 2:1. This components were used by 4 weight% in boron trifluoride ■ 
conversion relative to propylene. As the solvent, propylene pentapolymer was 
used by 60 weight% relative to the propylene, and the reaction was conducted at 
temperature 80°C, pressure 30 kg/cm 2 , and average reaction time 10 minutes. As a 
result, the conversion rate was 65.4%, and the selectivities of dimer, trimer, 
tetramer, and other polymer were 9.5, 60.6, 25.1, and 4.8 weight%, respectively. 
As a result of the same reaction in the absence of the solvent, the time it took to 
reach the same conversion rate was 13 minutes. At this time, the selectivities of 
dimer, trimer, tetramer, and other polymer were 2.6, 48.6, 36.1, and 12.7 weight%, 
respectively. 
Claim(s) 

A low-level polymerization method for propylene characterized in that 
propylene is polymerized to produce dimmer - tetramer by using, as a catalyst, a 
boron fluoride complex having, as it ligand, the combination of or one of fatty 
alcohol, ether, acid, and ester expressed by formula ROH, ROR', RCOOH, and 
RCOOR (R and R' indicate same or different alkyl groups having carbons 1-3.), 
and in that the solvent used in said polymerization is paraffin with carbons 3-15 
or higher polymer than tetramer contained in the product from the low-level 
polymerization of propylene. 
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